1. This paper reports an investigation of whether the dipeptides glycylsarcosine and L-lysyl-L-lysine share 'a single mediated transport mechanism into hamster jejunum, or whether one of these peptides is taken up in part by a mediated mechanism unavailable to the other. The investigation, using rings of everted jejunum in vitro, was carried out at pH 5 in order to reduce brush border and/or intramedium hydrolysis of lysyl-lysine.
Introduction
The question of whether intestinal absorption of small peptides involves one or more than one mucosal uptake system (Matthews, 1975; Matthews, Gandy, Taylor & Burston, 1979; Matthews & Payne, 1980 ) is still unanswered. In 1974 the suggestion was made from this laboratory, as a result of a preliminary survey, that neutral, acidic and basic peptides might be taken up by separate systems, as free amino acids are said to be (Addison, Matthews & Burston, 1974) . More recently we set out to investigate this possibility as thoroughly as possible in hamster jejunum, beginning with the neutral hydrolysis-resistant peptide glycylsarcosine (Gly-Sar) and the acidic peptide Lglutamyl-L-glutamic acid (Glu-Glu), but could find no evidence that under the conditions used these peptides were taken up by separate systems; they appeared to be taken up by the same system or . based was the same as in the previous investigation: that if two substrates are taken up by the same system or systems, each should be capable of total inhibition of mediated uptake of the other.
In the previous investigation (Matthews et al., 1979) experiments were carried out at pH 5 instead of the customary pH of about 7, since the lower pH greatly reduced hydrolysis of Glu-Glu by the system, thus minimizing uptake of free Glu from the peptide. With Lys-Lys, decrease of pH to 5 did not reduce intramedium and/or brush-border hydrolysis so greatly (see the Results section), but we decided nevertheless to work at pH 5 since this did produce some reduction in hydrolysis and because of the advantage of comparability with the results of the previous investigation. The experimental procedure and measurement of 2 rnin uptake (approximating influx) into rings of everted jejunum were as previously described (Matthews, Sleisenger, Burston, Dalrymple, Wilkinson & Matthews, 1976; Matthews el al., 1979) . However, owing to the expense of Lys-Lys, we had to modify the incubation technique by incubating each ring in a short round-bottomed glass tube (100 mm x 15 mm) instead of a 25 ml conical flask. This enabled us to use 0.5 ml of incubation medium instead of 3 ml. Usually incubations were carried out in a Tris/phosphate/saline medium (Reiser & Christiansen, 1973) adjusted to pH at 37OC with isotonic citric acid; however, in the determination of the effect of pH on uptake, buffers of pH 6.0 and below were obtained by the addition of isotonic citric acid to the initial pH 7.2 buffer, and the pH 8.0 buffer was obtained by the addition of isotonic Tris (free base) and a small quantity of NaOH.
Materials and methods

Lys
After removal from the incubation medium rings were eluted as described by Matthews et al. (1979) and 0.5 ml of the supernatant fluid was either added to 15 ml of lP-dioxan-based scintillation fluid and the radioactivity measured in a liquid scintillation spectrometer (Packard Tricarb model 3380) or analysed on a Locarte automatic loading amino acid analyser. Lys and Lys-Lys were eluted with the following buffers: sodium citrate, pH 3 -25 (30 rnin), sodium citrate/borate, pH 9.35 (200 min) followed by regeneration with NaOH (0.2 mol/l) (40 rnin) and equilibration with sodium citrate, pH 3.25 (135 rnin). The composition of the citrate/borate buffer was as follows: trisodium citrate, 34.3 g/l; NaOH, 2.7 g/l; boric acid, 2.06 g/l; 25% (w/w) thiodiglycol, 5 mV1; Brij 33% (w/w), 2.7 mM; sodium octanoate, 0.1 g/l. The pH was then adjusted to pH 9.35 with concentrated HCI. The elution time for lysine was 180 rnin and for LysLys 230 min. At low substrate concentrations, uptake of Lys-Lys by the rings was indicated only by an increment in their content of Lys. With LysLys at 10 mmol/l and above, a proportion of intact Lys-Lys was found in the rings.
In the determination of the effect of pH on uptake and hydrolysis, after the removal of the rings from the incubation medium, 0.1 ml of sulphosalicylic acid (60 g/l) was added to the medium, which was subsequently heated in a boiling-water bath for 5 rnin and centrifuged at 5000 g for 5 min. The resultant supernatant was then analysed by ion-exchange chromatography.
Uptake was expressed as pmol min-' g-' initial wet weight after correction for substrate(s) in the inulin space as by Cheng, Navab, Lis, Miller 8c Matthews (197 1). AU estimates of uptake were the mean value of measurements of uptake into at least six rings from at least three animals.
Results
When we began work with [14ClGly-Sar, we found that values for uptake with the new incubation technique in tubes differed appreciably from those obtained by the previous incubation technique in conical flasks. For this reason, we re-determined the kinetic curve for uptake of ['4C]Gly-Sar under the new conditions, and also re-determined inulin space (Cheng et al., 1971) , the new mean value for inulin space being 3.5% of initial wet weight at 2 rnin. 2-min uptake of [l4C1Gly-Sar was estimated at ten points over the concentration range 0.5-100 mmol/l (0.5, 1, 2, 5, 10, 20, 30, 50, 75 and 100 mmol/l). After correction for peptide in the inulin space, the concentration/uptake curve was qualitatively similar to that illustrated in Fig. 1 The effects of pH on uptake of Lys-Lys (5 mmol/l) and on the concentration of free Lys appearing in the incubation medium at the end of 2 min are shown in Fig. 1 . At pH 5, the final concentration of free i y s in the medium was 0.07 mmol/l, which was only 1.4% of the initial concentration of peptide in the medium.
Uptake of Lys-Lys was also estimated at nine points over the concentration range 1-100 mmol/l Lys-Lys was found to inhibit uptake of [14C]GlySar, and Gly-Sar to inhibit the uptake of Lys-Lys. The inhibitory effect of Lys-Lys (10 mmol/l) on mediated uptake of [I4C1Gly-Sar (0.5-20 mmol/l) was shown to be competitive, since Lys-Lys increased the Kt of Gly-Sar without altering its Uptake of ["CIGly-Sar (1' mmolll) was estimated in the presence of Lys-Lys over the concentration range of inhibitor 10-100 mmol/l. The Preston-Schaeffer-Curran plot (Fig. 3) V,,,. (Fig. 2) . and uptake of Lys-Lys (5 mmol/l) in the presence of a range of concentrations of Gly-Sar ( 0 ) . 2 represents concentration of inhibitor, V, rate of total uptake in the absence of inhibitor and V, rate of total uptake in the presence of inhibitor. When 1/2 is zero, the concentration of inhibitor is infinitely high. Knowing V,, V, (the transport remaining at an infinitely high concentration of inhibitor) can be calculated from the intercept on the ordinate.
showed that an infinitely high concentration of LysLys reduced total uptake of [14ClGly-Sar (1 mmol/l) from an uninhibited (V,) value of 0.14 pmol min-' g-' to a V, value of 0.020 pmol min-' g-I, in other words, to a value slightly less than that obtained for uptake of [14ClGly-Sar (1 mmol/l) by simple diffusion. It was concluded that Lys-Lys was capable of complete inhibition of mediated uptake of ['4ClGly-Sar. With a similar procedure, uptake of Lys-Lys (5 mmol/l) was estimated in the presence of Gly-Sar over the concentration range 20-100 mmol/l. The Preston-Schaeffer-Curran plot (Fig. 3) showed that an infinitely high concentration of Gly-Sar reduced uptake of LysLys (5 mmol/l) from a V, value of 0.33 to a V , of 0.18 pmol min-I g-I. If this V, value were due entirely to simple diffusion, it would amount, at 1 mmol/l, to 0.18/5 = 0.036 pmol min-l g-I. That is to say, an infinitely high concentration of Gly-Sar would reduce total uptake of Lys-Lys (1 mmol/l) from a V, of 0.20 pmol min-' g-I to a value only slightly greater than d for Lys-Lys (0.030 pmol min-I g-I). This value, 0.036 pmol min-I g-', corresponds with a reduction in mediated uptake of Lys-Lys to 4% of its uninhibited value. It was concluded that, allowing for reasonable experimental error, Gly-Sar was capable of complete inhibition of mediated uptake of Lys-Lys.
Our previous paper in this area (Matthews et al.,
1979) led to the conclusion that Gly-Sar and GluGlu were taken up by hamster jejunum by a single common mediated mechanism (or possibly mechanisms) and that, at the low substrate concentrations used, there was no appreciable uptake of one of these dipeptides by a mediated mechanism unavailable to the other. The present results, obtained by similar methods, lead to the conclusion that the same is true of Gly-Sar and Lys-Lys. It is therefore reasonable to postulate that the neutral dipeptide Gly-Sar, the acidic dipeptide Glu-Glu and the basic dipeptide Lys-Lys are all, under our conditions, taken up by hamster jejunum by a single common mediated mechanism, though the possibility that multiple common mechanisms are involved has not been excluded. We have also found (D. M. Matthews, E. Taylor & D. Burston, unpublished work) that mediated uptake of Lys-Lys can be inhibited by Glu-Glu and vice versa. Most of the much more extensive Discussion in the previous paper applies also to the present results. The conclusion we have arrived at suggests that one of the important respects in which intestinal peptide uptake differs from amino acid uptake may be that peptide uptake is indifferent to the net charge on the amino acid side chain($, as it is in micro-organisms (Payne, 1975;  Matthews & Payne, 1980) . The suggestion that uptake of neutral, acidic and basic peptides is by separate systems (Addison et al., 1974) , which was based on preliminary observations made at one concentration only (5 mmol/l), appears to have been wrong. Whether or not other claims of the existence of multiple peptide uptake systems responsible for uptake of various neutral peptides (Matthews & Payne, 1980) will be supported by further investigations remains to be seen.
